INTRODUCTION
Orally administered anticancer medications are among the fastest growing category of prescription drugs.
1,2 Spending on anticancer medications and costs to patients and insurers has been the focus of intense debate in recent years. [2] [3] [4] [5] [6] [7] [8] Historically, many cancer therapies were physician administered, but medical innovations have increased the number of orally administered anticancer therapies. These innovations allow patients to receive treatments at home rather than in the clinic, which increases convenience for patients who need long-term therapy. 9, 10 This shift away from physicianadministered medication has also shifted insurers' reimbursement of these treatments from patients' medical benefits to their outpatient pharmacy benefits, which has important implications for patients' total out-of-pocket costs.
11,12
Cancer is disproportionately a disease of older adults; thus, Medicare Part D is a key payer for orally administered anticancer medications. Traditional Medicare is composed of three parts: A, B, and D, which correspond to hospital, outpatient, and prescription drug coverage, respectively. Medicare Parts A and B have been available as part of the public insurance plan since 1966, whereas Medicare Part D is offered through private health insurance and has only been available since 2006. Given the increasing availability of oral cancer medications, a large and growing proportion of anticancer medications are now reimbursed through Medicare Part D.
Although the Affordable Care Act (ACA) includes many provisions to improve affordability of health care services, most of the changes focus on the privately insured market. One key change introduced in the ACA for Medicare beneficiaries is the closing of the Part D coverage gap (ie, the doughnut hole), which has been praised as a way to reduce out-of-pocket spending for Medicare enrollees. In 2010, before implementation of the ACA, the standard Medicare Part D benefit included a deductible of $310, 25% coinsurance up to an initial coverage limit of $2,830, 100% coinsurance for drugs purchased during the doughnut hole (for drug spending . $2,830 until a patient reached $4,550 in out-of-pocket spending), and 5% coinsurance in the catastrophic phase. 13 This benefit cycle resets at the beginning of each calendar year. With the ACA, beginning in 2011, the Part D benefit design changes annually to decrease out-ofpocket costs to patients during the doughnut hole from 100% to 25% coinsurance by 2020. This reduction in patient cost sharing in the doughnut hole is largely due to manufacturers' 50% discount on drug prices during the doughnut hole. Contributions made by the manufacturer during this benefit phase are counted toward the patient's out-of-pocket spending, which reduces the amount of time the patient spends in the doughnut hole (Fig 1) . 14 We examined the formularies of Medicare Part D plans to better understand coverage for oral anticancer medications. First, we explored whether variation exists in the benefits offered for these medications. Second, we estimated out-of-pocket expenditures for Medicare beneficiaries with Part D coverage who require oral anticancer therapy and who do not receive low-income subsidies. Finally, we assessed the extent to which the ACA closing of the doughnut hole will reduce costs for oral chemotherapy users enrolled in Medicare Part D.
METHODS
We used the July 15, 2014, quarterly release of the Prescription Drug Plan Formulary, Pharmacy Network, and Pricing Information Files from the Centers for Medicare & Medicaid Services (CMS formulary files) to identify Part D coverage for orally administered anticancer medications. We followed the methodology proposed by Howard et al 15 to include products first approved by the US Food and Drug Administration in 1995 or later and that are administered with the primary intent of improving overall or progression-free survival. From this subset of products, we focused on products covered by Medicare Part D in 2014 (Table 1) . We excluded endocrine therapy from consideration (tamoxifen and aromatase inhibitors) because these drugs are inexpensive relative to the selected products and primarily available as generic products at this time.
We identified 1,114 stand-alone Part D Plan/Product formularies (PDPs) and 2,230 Medicare Advantage Part D Plan/Product formularies (MA-PDs) in the CMS formulary files. Because antineoplastic medications are a protected class within Medicare Part D, nearly all products studied were covered on available formularies. For each covered therapy, we evaluated the formulary structure used by stand-alone PDPs and MA-PDs to describe variation in benefit design by plan. Next, we estimated beneficiary total out-of-pocket costs for each drug by using the median duration of therapy expected for each treatment. Median duration of therapy was based on previously published methodology and data that used drug product labels, published randomized trial results, and costeffectiveness studies (Data Supplement). 15 We rounded duration of therapy to the next full month when a partial month was indicated and capped use of a product at 12 months given that the benefit design reset each calendar year.
We obtained the price for a 30-day supply of each included product at a standard dose directly from the CMS formulary files. These prices represent the amount reimbursed for the medication (patient, plan, Medicare contributions) and were used as the input for the out-of-pocket price calculation for each Part D formulary (Data Supplement). Next, we predicted the median and interquartile range of out-of-pocket costs for a Medicare Part D enrollee who takes a single specialty drug for a full course Medicare Part D benefit included a deductible of $310, 25% coinsurance up to an initial coverage limit of $2,960, coinsurance for drugs purchased during the doughnut hole (100% in 2010, 25% in 2020) for drug spending greater than $2,960 until a patient reached $4,700 in out-of-pocket spending, and 5% coinsurance in the catastrophic phase. Although initial coverage limits and out-ofpocket maximum costs were slightly lower in 2010, we used 2014 limits for all analyses for consistency (by changing only the percentage of coinsurance during the coverage gap). This benefit cycle resets at the beginning of each calendar year. As part of the Affordable Care Act, beginning in 2011, the Part D benefit design changes annually to decrease out-of-pocket costs to patients during the doughnut hole. This reduction in patient cost sharing in the doughnut hole is largely due to manufacturers' 50% discount on drug prices during the doughnut hole. Contributions made by the manufacturer during this benefit phase are counted toward patient out-of-pocket spending, which reduces the amount of time that a patient spends in the doughnut hole. Patient deductibles are shown with dark blue shading, patient coinsurance with medium blue shading, manufacturer discounts with light blue shading (in 2020 only).
of treatment (of median duration, capped at 12 months) by using the Part D initial coverage limit and the out-of-pocket limits in 2015. To assess the effect of closing the doughnut hole on out-of-pocket costs, we estimated out-of-pocket costs for 2010 and 2020 (before and after the closing of the doughnut hole). Specifically, we calculated annual out-of-pocket costs first by calculating the deductible (if any) plus the coinsurance/copayments for the initial coverage period up to $2,960 (initial coverage limit). Next, we calculated the out-of-pocket costs in the doughnut hole (100% in 2010, 25% in 2020) up to $4,700 (out-of-pocket limit before catastrophic coverage, which includes the 50% manufacturer discount during the coverage gap in 2020). Finally, we calculated the costs in the catastrophic period through the end of the benefit year. Because annual out-of-pocket costs were similar for patients in PDPs and MA-PDs, we present results for PDPs only unless otherwise indicated.
Sensitivity Analyses
Increases in drug prices have occurred rapidly over the past decade, although newer policies to increase biologic competition and the introduction of generics could result in price reductions for some therapies. Because product prices may change over time, we also estimated patient out-of-pocket prices and potential cost savings by assuming that anticancer medication prices increased and decreased by 50%, respectively, between 2014 (the prices used in the 2010 estimate) and 2020. Furthermore, to account for patients who used more or less therapy than the median duration tested in the primary analysis, we replicated analyses by using a 3-and 12-month duration to mimic minimum and maximum durations of therapy during a benefit year. Finally, to ensure the robustness of the drug price data, we re-estimated comparisons of out-of-pocket spending in 2010 and 2020 by using published cost estimates, which were relatively lower than those identified in the 2014 formulary files.
16 Results and the detailed methodology are included in the Data Supplement. All results were substantively similar to the primary analysis presented here.
RESULTS
As anticipated, orally administered anticancer therapies were available on a majority of formularies across both MA-PDs and stand-alone PDPs. The median total cost for a 30-day supply of included products (patient and plan contributions) across all plans was $10,060 (range, $5,123 for lapatinib to $16,093 for pomalidomide; Table 1 ). Stand-alone PDP formularies typically use one of two formulary designs for coverage of oral anticancer medications as follows: $310 deductible and 25% coinsurance in the initial coverage period or no deductible and 33% coinsurance in the initial coverage period. Both designs used the standard 45% coinsurance in the coverage gap in 2014 and 5% catastrophic coverage. MA-PDs most often used the latter design (Table 2) .
Plan Coverage and Estimated Out-of-Pocket Expenses
Median out-of-pocket costs for Medicare Part D enrollees in 2010 for a median duration course ranged from $6,456 for dabrafenib to $12,160 for sunitinib with the assumption that patients paid the full drug costs while in the doughnut hole before the ACA (Fig 2) . Out-ofpocket costs varied little, with the range between the upper and lower quartiles across all drugs and formularies equal to $82 on average. After the doughnut hole is closed in 2020, we estimate that median out-of-pocket costs would still be high, with an average of $5,663 across all products (a savings of approximately $2,550 per year).
In the base case analysis, we assumed that drug prices will not change between 2010 and 2020. To evaluate the impact of drug www.jco.org price increases or decreases, we varied the drug price by 6 50% for the 2020 estimate. We found that if prices declined by 50%, average out-of-pocket costs would be $3,738, which would save beneficiaries an average of $4,468 per year in 2020 compared with 2010 costs (Table 3) . However, if drug prices increased by 50%, average out-of-pocket costs would be $7,584, which would save beneficiaries only $621 over the 2010 prices (Table 3) .
DISCUSSION
Medicare beneficiaries who do not receive low-income subsidies and who need to use cancer medications long term will spend approximately $4,000 to $10,000 out of pocket, depending on the therapy prescribed, even after the doughnut hole is closed. In 2012, the average Medicare beneficiary's household budget was estimated at $33,993. 17 By taking into consideration the mean annual expenditures of $11,673 for housing, $5,189 for food, and $5,087 for transportation, let alone other health care costs, few can afford the high costs of specialty cancer therapies.
In 2014, 37 million beneficiaries were enrolled in a Medicare drug plan. Although 30% of Part D enrollees receive low-income subsidies through dual eligibility for Medicaid or through other needs-based qualifications (eg, annual income of , $17,235 for an individual or , $23,265 for a couple), those who do not qualify for subsidies have few options for affordable care. 18 In fact, Medigap policies and out-of-pocket limits on Medicare Advantage plans meant to limit cost sharing for Medicare beneficiaries exclude Part D spending, which further exposes beneficiaries to high costs. [18] [19] [20] High out-of-pocket expenditures negatively affect patient adherence to oral cancer therapies. [21] [22] [23] Even in the setting of relatively low out-of-pocket costs, such as endocrine therapy for breast cancer, large declines have been seen in adherence as patients move into the doughnut hole and face larger cost sharing, with subsequent rebounds in adherence as out-of-pocket prices reduce. 22 Even in the catastrophic phase of the Medicare Part D benefit, enrollees are expected to contribute 5% toward the price of their medications. Even this generous level of cost sharing results in high costs to patients. The average price across orally administered cancer therapies covered by Medicare in 2014 was more than $10,000 per month of therapy, with 5% cost sharing resulting in $500 out of pocket per month for the beneficiary.
One recently published study of total and out-of-pocket spending on specialty medications among Medicare Advantage plan members suggested that large decreases in out-of-pocket spending follow the initial phases of the doughnut hole closure.
11
The authors observed a 26% reduction in out-of-pocket spending between 2010 and 2011 across all drugs that met the $600 per specialty tier threshold. The study also highlighted the benefits of closing the doughnut hole on average but did not address the limitations of the policy for very-high-priced medications, which include those that are the focus of the current report. Beneficiaries who remain in the doughnut hole for the longest periods will receive the most benefits of the policy change. A single fill for oral chemotherapy prescriptions places the beneficiary in the doughnut hole, and most patients exit the doughnut hole at 1.6 fills, which leaves little time to gain benefits from this phase of coverage.
The current study has several important limitations. First, we estimated use of only a single drug for each beneficiary in the calculations. Given the age of the population, many beneficiaries take additional medications aside from cancer therapies. These other medications move the beneficiary through the doughnut hole faster, with the same out-of-pocket maximums required. Thus, comparisons between the 2020 projected costs and the 2010 costs would not be changed with the inclusion of other medications. Second, our estimates of 2020 out-of-pocket costs are based on assumptions that the benefit design is only changed through a reduction of patient cost sharing from 100% to 25% and inclusion of the 50% manufacturer 15 For products not included in Howard et al, we used the drug product label to identify median duration of therapy (Data Supplement). discount toward the out-of-pocket maximum during the coverage gap. However, prices paid to manufacturers for oral chemotherapies have increased significantly over time. At the same time, newer policies related to increasing biologic competition and the introduction of generics could result in price reductions for some therapies, although the extent of cost savings through this form of competition currently is not clear. 24, 25 To address these conflicting scenarios, in sensitivity analyses, we varied the drug input price by increasing and decreasing drug prices by 50%. These price changes had little impact on the relative effect of the doughnut hole closing on patient out-of-pocket spending, but they did have an impact on the accumulated annual cost to patients, as would be expected. Finally, beneficiaries who use patient assistance programs or those eligible for low-income subsidies or Medicaid were not considered because their out-of-pocket costs differ from those of patients without these protections.
Out-of-pocket costs for orally administered cancer medications for Medicare Part D beneficiaries without low-income subsidies are very high and will remain so after the doughnut hole is closed. We found almost no variation in out-of-pocket costs to patients across all available formularies, which suggests that patients who need these products can do little to reduce their out-of-pocket costs through better plan selection. With consideration of the rising prices for specialty drugs over the past decade, 26 any projected cost savings from closing the doughnut hole likely would be lost for these drugs. Efforts should be made to improve affordability of specialty drugs for Medicare beneficiaries given that medication nonadherence and a forgoing of basic needs are associated with high out-of-pocket medication costs. 21, 23, 27, 28 In particular, some key protections offered to privately insured individuals through the ACA are unavailable to Medicare-insured beneficiaries, specifically those on traditional Medicare plans. These include the annual out-of-pocket maximum that includes both medical and pharmacy spending ($6,600 for an individual in 2015). The current findings demonstrate the extraordinary financial burden of orally administered cancer medications for Medicare Part D enrollees and the need for policies that improve access to high-value therapies. Examples of such policies are a substantial lowering of drug prices or a shift in formulary designs from coinsurance to copayments.
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